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February 2026: Full-scale tests start at CERN for High Lumi LHC.
Image: CERN
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Particle Physics Theory: Precision Calculations

Prof. Thomas Gehrmann

Our research group focuses on precision calculations for
collider observables within the Standard Model and their
application in the interpretation of experimental data. We
develop novel techniques and computer algebra tools that
enable analytical calculations in perturbative quantum
eld theory and help to unravel the underlying mathe-
matical structures. We implement our results into numeri-
cal parton-level event generator programs, which are ex-
ible tools that allow to take proper account of the details
of experimental measurements, enabling precision theory
to be directly confronted with the data. ol

https://www.physik.uzh.ch/g/gehrmann

Hadronic nal states in Higgs boson decays

Future lepton colliders are intended to operate as so-called
“Higgs factories'. Due to their signi cantly cleaner environ-

ment, such colliders offer the possibility of reaching unprece-
dented resolution on the hadronic decays of the Higgs boson.
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Besides precision studies of the established Higgs boson de-
cays to pairs of bottom or charm quarks, direct detections of
the Higgs boson decays to gluons or to light quark pairs may
equally become feasible. To enable these determinations, an
in-depth understanding of the hadronic nal state character-
istics in the different decay modes is mandatory.

We derived the fully exclusive decay rates of the Higgs
boson to a quark-antiquark pair through its Yukawa coupling
and to gluons through a closed top quark loop to third order
in the QCD coupling constant. The calculation is the rst
application of a re ned method for higher-order QCD cal-
culations, which produces considerably more compact and
stable expressions for numerical evaluation. The implemen-
tation of the results into the parton-level event generator
NNLOJET allows to compute jet rates and event shape distri-
butions in the different decay modes to high precision. Our
results help to identify kinematical regions where the glu-
onic decay mode is enhanced. This is in particular the case
in nal states with three well-resolved clusters, such as in


https://www.physik.uzh.ch/g/gehrmann.html
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the three-jet rate or for large values of event shape variables.

A further enhancement of the gluonic decay contributions is
observed in those regions of the event shape distributions
that are only accessible above a certain nal-state multiplic-
ity. The differences between the different Higgs boson decay
modes can be traced back to the different QCD radiation pat-
terns off quarks and gluons, thereby also opening up novel
opportunities for precision QCD studies in hadronic Higgs
boson decays at future electron-positron colliders.

Highlighted Publications:

1. Jetrates in Higgs boson decay at third order in QCD,
E. Fox, A. Gehrmann-De Ridder, T. Gehrmann,
N. Glover, M. Marcoli and C. Preuss,
Phys.Rev.Lett. 134 (2025) 251905.

2. Precise predictions for event shapes in hadronic Higgs
decays,
E. Fox, A. Gehrmann-De Ridder, T. Gehrmann,
N. Glover, M. Marcoli and C. Preuss,
JHEP 11 (2025) 168.
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Particle Physics Theory: Standard Model and

Higgs Physics at Colliders

Prof. Massimiliano Grazzini

Our research activity is focused on the phenomenology
of particle physics at high-energy colliders. We perform
accurate theoretical calculations for benchmark processes
at high energy colliders and we strive to make their
results fully available to the community. We develop
exible numerical tools that can be used to carry out
these calculations with the specic selection cuts used
in the experimental analyses. Our projects span over a
wide range of processes from multiboson production to
heavy-quark, Higgs and jet production at the LHC, to
key processes at futureet e colliders.
https://lwww.physik.uzh.ch/g/grazzini

Jet production at NNLO: towards a nhew scheme

Our group has developed a scheme called gr-subtraction to
perform fully differential QCD calculations at next-to-next-
to-leading order (NNLO) and beyond and has applied it to a
wide class of processes in which a colourless system (vector
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boson(s), Higgs boson(s)) possibly accompanied by a heavy-
quark pair is produced in hadronic collisions. These calcula-
tions are now implemented in the public program MATRIX.
Our method cannot be directly applied to jet processes
without an appropriate extension. Such extension requires
that observables sensitive to the transverse momentum of the
radiation are suitably de ned. Our group has proposed a new
class of transverse-momentum like resolution variables and
is studying their application to the simplest jet production
processes. We are currently focusing on the case o€" e colli-
sions, since only nal-state infrared singularities are present.
The construction of a computational framework based on a
new variable, which we generically denote as g, requires the
study of its factorisation properties and the evaluation of per-
turbative ingredients known as hard jet and soft functions.
The hard function can be identi ed as the nite part of the
virtual contribution to the Born level process. The jet func-
tion describes the collinear dynamics of a fragmenting nal-


https://www.physik.uzh.ch/g/grazzini.html
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state parton (quark or gluon). The soft function encodes the
effect of large-angle soft radiation. After exploratory stud-
ies carried out at next-to-leading order, we have made the
rst steps towards NNLO. We have rst studied the factori-

sation framework for multijet processes by suitably de ning

the needed perturbative ingredients [1]. We have then com-
puted the quark jet function for kr-like variables at NNLO

[2] and we have used it to test our new framework for dijet
productionin €"e collisions andin H ! bB[S].

With our method the NNLO correction is obtained in the
limit in which a slicing parameter rcyt = Qeut/ Q vanishes.
In the gure we show our results for the dependence of the
NNLO correction as a function of rqyt. We show two variants
of the resolution variable y,3 and we also show the case of
2-jettiness, t . In all cases the NNLO correction in the limit
rcut ! O nicely agrees with the known analytic result for both
processes. We have checked that this conclusion holds also for
each of the three colour channels contributing to the NNLO
correction. For both processes, the achieved precision at the
level of the NNLO cross section is excellent, better than 0.1%o.
The extension to higher jet multiplicities requires the evalua-
tion of the gluon jet function and of the soft function for three
or more hard partons. Work in this direction is ongoing.

1. Dissecting Exclusive Multijet Cross Sections,
J. Haag,arXiv:2509.06612to appear on JHEP.

2. The quark jet function for kr-like variables in NNLO
QCD, L. Buonocore et al, Eur.Phys.J.C 85 (2025) 11,
1290.

3. Jet Production at NNLO: Exploring a New Scheme,
L. Buonocore et al, arXiv:2512.03954 to appear on
JHEP.
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Particle Physics Theory: Beyond the Standard Model

Prof. Gino Isidori

The Standard Model of fundamental interactions de-
scribes the nature of the basic constituents of matter,
the so-called quarks and leptons, and the forces through
which they interact. This theory is very successful in lab-
oratory experiments over a wide range of energies. How-
ever, it fails in explaining cosmological phenomena such
as dark matter and dark energy. It also leaves unanswered
basic questions, such as why we observe three almost
identical replicas of quarks and leptons, which differ only
in their mass. Finally, it gives rise to conceptual problems
when extrapolated to very high energies, where quantum
effects in gravitational interactions become relevant. The
goal of our research activity is to formulate extensions of
this Theory that can solve its open problems, identifying
way to test the new hypotheses about fundamental inter-
actions in future experiments.

https://www.physik.uzh.ch/g/isidori
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Probing new interactions via avour-changing transitions

One of the key predictions of the Standard Model (SM) is that
quarks and leptons do appear in three replicas (denoted gen-
erations, or avours) that behave exactly in the same manner
under the known microscopic forces, and differ only in their
mass (or better their interaction with the Higgs eld). Why
we have three almost identical replica of quarks and leptons,
and which is the origin of their different interactions with
the Higgs eld is one of the big open questions in particle
physics. The peculiar structure of quark and lepton masses,
which exhibits a strongly hierarchical pattern, is very sugges-
tive of some underlying new dynamics that we have not iden-
ti ed yet. The main goal of our research activity in the last few
years is trying to understand the nature of this dynamics.

To achieve this main goal, we proceed along three com-
plementary research directions: 1) we build explicit exten-
sions of the SM that can explain the observed pattern of
quark and lepton masses, possibly addressing also other


https://www.physik.uzh.ch/g/isidori.html
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of an operator with unsuppressed coupling to light quarks is also
shown (black line). The gray regions are excluded by the breakdown
of the main hypotheses of the e ective theory approach.

short comings of the SM, in particular the instability of the
Higgs sector and the nature of dark matter; 2) we investi-
gate the consistency of the new hypothesized interactions
with current data, particularly on rare avour-changing tran-

sitions; 3) we perform detailed predictions, according to the
new hypotheses, in view of future experiments.

Over the past year, we have made progress along all three
directions. In particular, we have studied models in which
dark matter (DM) couples to ordinary matter in a avour
non-universal way. Using a general effective eld theory
framework, we have shown that this hypothesis can naturally
account for the current absence of direct-detection signals for
TeV-scale DM candidates, while still allowing for potential
discovery in upcoming experiments. We have also continued
our investigation of composite Higgs models with avour
non-universal gauge interactions, identifying distinctive sig-
natures that could be probed at future collider experiments.

Highlighted Publications:

1. Flavored circular collider: cornering New Physics at
FCC-ee via avor-changing processes,
L. Allwicher, G. Isidori and M. Pesut,
Eur. Phys. J. C 85 (2025) 63JarXiv:2503.17019]

2. The third-generation-philic WIMP: an EFT analysis,
G. Demetriou, G. Isidori, G. Piazza and E. Pinsard,
Eur. Phys. J. C 85 (2025) 86farXiv:2505.04708]

3. Probing Flavour Deconstruction via Primordial Grav-
itational Waves, N. Fabri, G. Isidori and D. Racco,
[arXiv:2509.12414]
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Particle Physics Theory: Automated Simulations

for high-energy colliders

Prof. Stefano Pozzorini

Our research deals with the development of automated
methods for the simulation of scattering processes in
quantum- eld theory. The O PENL ooPsalgorithm, devel-
oped in our group, is one of the most widely used pro-
grams for the calculation of scattering amplitudes at the
LHC. This tool is applicable to arbitrary collider processes
up to high particle multiplicity and can account for the
full spectrum of rst-order quantum effects induced by
strong and electroweak interactions.

Our phenomenological interests include topics like the
strong and electroweak interactions of heavy particles
at the TeV scale, theoretical challenges related to pre-
cision measurements in top-quark physics and to the
extraction of rare Higgs-boson and dark-matter signals
in background-dominated environments. Currently, as
highlighted below, our group is developping a novel and
widely applicable numerical method for theory

precision at high-energy colliders.
https://www.physik.uzh.ch/g/pozzorini
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A novel numerical approach for theory precision at colliders

Theoretical simulations of scattering processes are essential to
interpret the vast data collected at the LHC. This requires ex-
tensive Monte Carlo simulations across many processes, yet
for an increasing number of cases the required theoretical pre-
cision is computationally prohibitive or beyond current capa-
bilities. In perturbative quantum eld theory, theoretical pre-
cision is achieved through higher-order terms in the pertur-
bative expansion. At leading order, calculations are simple,
involving only the momenta of initial- and nal-state parti-
cles. Each successive order, however, brings a sharp increase
in complexity due to the appearance of unresolved degrees
of freedom (d.o.f.) of virtual and real origin. Virtual d.o.f. are
linked to loop momenta in quantum uctuations, while real
unresolved d.o.f. correspond to nal-state particles that are
too soft or collinear to be experimentally resolved. The main
challenge is the integration over these unresolved momenta.
State-of-the-art methods treat virtual and real interga-


https://www.physik.uzh.ch/g/pozzorini.html
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tions analytically and numerically, respectively. Since such
intergations involve infrared (IR) singularities, their combi-
nation requires sophisticated IR subtraction techniques. This
approach has been fully automated at next-to-leading order
(NLO), and a similar automation at next-to-next-to-leading
order (NNLO) would signi cantly improve precision for

a wide range of LHC processes. To this end, we are de-
veloping a new method that bypasses key NNLO bottle-
necks and is suitable for automation within the O PENLoOOPS
framework. Our approach is based on the Loop—Tree—Duality

(LTD) method, where loop diagrams are converted into three-
dimensional integrals that can be combined with real con-
tributions in such a way that IR singularities cancel locally
at integrand level. As a result, virtual and real d.o.f. can be
integrated numerically without auxiliary IR subtractions. As
a rst step, we developed general NLO techniques that en-
able LTD automation and its application to realistic collider
simulations. In the latter we generate NLO events involving
real and virtual unresolved particles that are automatically
aligned such as to yield IR nite observables. We also intro-
duced a new strategy to avoid threshold singularities, which
appear as ellipsoidal surfaces in loop momentum space and
may intersect. To this end, we devised a simple subtraction
algorithm that removes these singularities sequentially, en-
suring stable numerical convergence, with dedicated treat-
ments for intersecting con gurations and their interplay with
collinear singularities.

The algorithm was presented at RADCOR 2025, with a
rst publication expected in 2026. The current implementa-
tion applies to €" e collisions at NLO QCD, with extensions
to hadron colliders in progress. At the same time, we have be-
gun steps toward NNLO automation, developing a method
where two-loop integrals are constructed from numerical
one-loop integration combined with semi-analytic one-loop
building blocks from O PENLoOOPS. Preliminary studies are
very encouraging and will be presented at upcoming confer-
ences.

18
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High-intensity low-energy particle physics

Prof. Adrian Signer

Particle physics at low energy but high intensity provides
an alternative road towards a better understanding of
the fundamental constituents of matter and their inter-
actions. Using the world's most intense muon beam at
PSI allows to look for tiny differences to the Standard
Model or for extremely rare decays. Our group provides
theory support for such experiments by computing
higher-order corrections in Quantum Electrodynamics
(QED) to scattering and decay processes and by system-
atically analysing the impact of experimental bounds on
scenarios of physics beyond the Standard Model. These
calculations are also adapted to experiments performed

at other facilities with lepton beams. ;El A0]
https://www.physik.uzh.ch/g/signer

Parity-violating Mgller scattering with LEFT

Our group has set up McMule (Monte Carlo for MUons
and other LEptons), a generic framework for higher-order
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QED calculations of scattering and decay processes involv-
ing leptons. The long-term goal is to provide a library of rel-
evant processes with suf cient precision, typically at next-
to-next-to leading order (NNLO) in the perturbative expan-
sion. The code is public and the current version is available at
https://gitlab.com/mule-tools/mcmule

For low-energy scattering experiments, electroweak (EW)
effects are typically strongly suppressed. However, parity-
violating observables offer the possibility to dig out EW ef-
fects from the dominating parity-conserving QED effects. The
MOLLER experiment will measure the the left-right asymme-
try A r(qg) for Mgller scattering e e ! e e, as a func-
tion of the scattering angle g, at a centre-of-mass energy of

s' 100 MeV. The leading contributionto A| R is due to the
exchange of aZ boson.

This measurement is typically framed as a determina-
tion of the weak mixing angle at low energies. However, we
use a strict low-energy effective theory (LEFT) framework
and express the cross sections as a function of the Wilson
coef cients of LEFT operators up to dimension six. This al-


https://www.physik.uzh.ch/g/signer.html
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threshold corrections are properly taken into account in LEFT by
integrating out the b quark at its mass threshold, up to one-loop
order and dimension Six.

lows for a systematic resummatiBn of large logarithms of the
form log (my/ Mz), where my sis much smaller than the
mass of the Z boson Mz. This can be done using standard
renormalisation-group evolution (RGE).

To compare with earlier results in the literature, we show
inthe gure idealistic but unphysical results for A rat’ s=
2 GeV, obtained with only virtual contributions. It was well
known, that NLO corrections in the Standard Model are very
large. Within LEFT, these large effects are identi ed as RSE
effects. Indeed, for a proper choice of the soft scalem; ' S,
the NLO corrections are strongly reduced.

We emphasise that for actually measured quantities, it is
imperative to include real corrections and QED effects. To
this end, in McMule we have implemented a fully differ-
ential computation at NNLO in QED combined with RGE-
improved NLO LEFT effects. Progress towards a full NNLO
computation in LEFT and a careful study of non-perturbative
hadronic contributions is under way.

1. Parity violation in Mgller scattering within low-energy
effective eld theory,
S. Kollatzsch, D. Moreno, D. Radic and A. Signer,
JHEP 09 (2025), 196 doi:10.1007/JHEP09(2025)196
arXiv:2507.17652 [hep-ph]
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Effective Field Theories at the Precision Frontier

Prof. Peter Stoffer

The research of our group is focused on indirect searches
for physics beyond the Standard Model and the theo-
retical challenges at the precision frontier: these concern
the model-independent description of non-perturbative
effects due to the strong interaction at low energies as
well as higher-order perturbative effects that can be
described within effective eld theories.

Our current research activity is mainly motivated by
experimental progress at the low-energy precision fron-
tier, such as searches forCP- or lepton- avor-violating
observables and the improved measurement of the muon
anomalous magnetic moment. ETE

https://www.physik.uzh.ch/g/stoffer g

Despite its success, the Standard Model (SM) of parti-
cle physics fails to explain certain observations, such as the
baryon asymmetry in the universe, dark matter, or neu-
trino masses. Our group is interested in indirect searches
for physics beyond the SM, conducted in low-energy experi-
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ments at very high precision. These observables pose interest-
ing theoretical challenges concerning the model-independent

description of effects beyond the SM, as well as non-
perturbative effects due to the strong nuclear force.

Two-loop renormalization of e ective eld theories

The indirect low-energy effects of heavy physics beyond the
SM can be described by effective eld theories, in particu-
lar SMEFT for observables around and above the electroweak
scale and LEFT for observables at lower energies. In order to
establish a robust connection between observables at very dif-
ferent energies, we have derived two-loop renormalization-
group equations for these theories, in particular the ones for
all LEFT operators up to dimension six and for the baryon-
number-violating sector of SMEFT.

At the hadronic scale, we recently completed the one-
loop matching of the LEFT to the QCD gradient- ow scheme.
This will enable the use of improved input from lattice QCD
for hadronic matrix elements that are relevant, e.g., for the


https://www.physik.uzh.ch/g/stoffer.html
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but also among different experiments providing this input.
We are working on dispersive approaches, in order to scruti-
nize these discrepancies and to arrive at a consolidated theory
prediction. As part of the Muon g 2 Theory Initiative, we
published in 2025 a second White Paper with an updated SM
prediction for am, which was used for the comparison with
the nal measurement of aybythe Muon g 2 experiment at
Fermilab.

Highlighted Publications:

1. Two-loop anomalous dimensions for baryon-number-
violating operators in SMEFT,
S. Banik, A. Crivellin, L. Naterop, P. Stoffer,

22
JHEP02 (2026) 017[arXiv:2510.08682 [hep-ph]]

2. Renormalization-group equations of the LEFT at two
loops: dimension-six operators,

neutron electric dipole moment, which is searched for in the
n2EDM experiment at PSI.

Anomalous magnetic moment of the muon

The theoretical prediction of the anomalous magnetic mo-
ment of the muon ay is currently affected by puzzling dis-

crepancies between lattice-QCD evaluations of hadronic vac-
uum polarization and hadronic cross-section measurements,

L. Naterop, P. Stoffer,
JHEPO02 (2026) 016]arXiv:2507.08926 [hep-ph]]

. The anomalous magnetic moment of the muon in the

Standard Model: an update,

R. Aliberti et al.(Muon g 2 Theory Initiative),
Phys. Rept.1143(2025) 1-158,
[arXiv:2505.21476 [hep-ph]]


https://arxiv.org/abs/2510.08682
https://arxiv.org/abs/2507.08926
https://arxiv.org/abs/2505.21476
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Precision Calculations
Prof. Max Zoller

Our research focuses on the development and application
of new methods and tools for high-precision theory pre-
dictions of scattering processes at particle colliders.
Automated numerical tools are crucial in accessing a
large number of interesting processes at the LHC and
other experiments in order to nd small signatures of
new physics. We are part of the collaboration devel-
oping the widely used OpenLoopstool, which provides
rst-order quantum corrections for any collider process.
In our group new methods and algorithms are devel-
oped to calculate second-order quantum corrections at the
same level of automation. Our approach combines highly
ef cient numerical algorithms with powerful analytical
methods.

Our phenomenological interests include LHC physics as
well as higher-order predictions for lepton experiments
at lower energy. EATE

https://www.physik.uzh.ch/g/zoller e
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Integral reduction for automated high-precision calculations

Current and future particle physics experiments demand
high-precision predictions at next-to-next-to-leading order
(NNLO) and beyond in quantum eld theory for a wide
range of scattering processes. In our group we develop al-
gorithms and tools to facilitate such calculations with a high
level of automation.

Our approach is to split these highly complex calculations
into three main ingredients, namely a set of loop momentum
tensor integrals, the corresponding tensor coef cients, and
the treatment of the effects of integral divergences. Our main
focus at the moment is on the rst component, the loop inte-
grals, which constitute the bottleneck in current calculations.
The usually large set of tensor integrals needs to be reduced
to a small set of scalar master integrals. To this end we de-
veloped and implemented an algorithm combining numeri-
cal and analytical methods, which performs the reduction of
this set of tensor integrals to a smaller set of scalar integrals
with high CPU ef ciency and numerical accuracy.


https://www.physik.uzh.ch/g/zoller.html
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Since the resulting scalar integrals are not independent,
they can be reduced to a very small set of so-called master
integrals. One of the most powerful tools on the market for
this task is Kira . A key role in this development is played by
a member of our group, Dr. Fabian Lange. In 2025, Kira 3
was released, which introduces optimized seeding and equa-

tion selection algorithms, in order to signi cantly improve the
performance for multi-loop and multi-scale problems. This
makes it an important ingredient to a fully automated frame-
work for perturbative NNLO calculations, which is our main
goal.

At lower energy scales, non-perturbative hadronic
physics plays an important role in scattering processes. In or-
der to achieve high-precision calculations for processes, such
ase"e | p*p , we extended the OpenLoopstool to al-
low calculations in the McMule Monte Carlo framework with
“disperon QED”, a new method which relies on the combi-
nation of perturbative scattering amplitudes with auxiliary
masses, dispersion relations, and effective eld theory meth-
ods. This work forms the basis to tackle even more challeng-
ing processes, suchas™e ! p*p g,inthe future.

Highlighted Publications:

1. Kira 3: integral reduction with ef cient seeding and
optimized equation selection,
F. Lange, J. Usovitsch, Z. Wu, Comput. Phys. Commun.
322(2026) 109999arXiv: 2505.20197

2. Disperon QED, Y. Fang, S. Kollatzsch, M. Rocco,
A. Signer, Y. Ulrich, M. Zoller, arXiv: 2512.10709
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CMS Experiment

Prof. Lea Caminada,

Prof. Florencia Canelli, Prof. Ben Kilminster

The CMS (Compact Muon Solenoid) experiment at CERN
explores the properties and interactions of fundamental
particles, paving the way for discoveries. Its detector
precisely measures particle energies and trajectories
around an LHC collision point, where events recreate
energy densities reminiscent of those just ten billionths of
a second after the Big Bang. In 2012, CMS con rmed the
Higgs eld's role in mass generation by discovering the
Higgs bosons a major milestone for the Standard Model.
Yet challenges such as the hierarchy problem, dark mat-
ter, and matter antimatter asymmetry remain. In 2025,
CMS collected Run 3 data from proton-proton collisions
at 13.6 TeV (a run that began in 2022 and concludes in
2026) while preparing for a detector upgrade for the
High-Luminosity LHC, set to start in 2030, to continue
addressing fundamental questions and
pushing the frontiers of particle physics.

https://www.physik.uzh.ch/r/cms
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The CMS group at UZH continues to play a leading role in
precision measurements and searches for rare phenomena
at the energy frontier. In 2025, the group led several major
CMS publications across Higgs, QCD, and heavy-ion physics.
These analyses, based on the full Run 2 data set, probe the
Yukawa structure of the Higgs sector, advance our under-
standing of non-perturbative QCD dynamics, and explore the
gluonic structure of nuclei in previously uncharted kinematic
regimes.

In parallel, the group has been deeply involved in the data
taking and physics preparation for Run 3. This work requires
detailed expertise in detector performance, including cali-
bration, alignment, and reconstruction, as well as substantial
contributions to software development and analysis infras-
tructure. Group members have played key roles in detector
operation, monitoring, and performance validation, ensuring
high-quality data delivery. At the same time, new analysis
strategies have been developed and commissioned to address


https://www.physik.uzh.ch/r/cms
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Fig. 1: Upper limits at the 95% CL on the signal strength for the
the pp bbH(yp,yt) process [1].

the increased luminosity and evolving running conditions of
Run 3, positioning the group to fully exploit the emerging
dataset.

A central focus of our Higgs physics program is the explo-
ration of rare production modes that directly test the Yukawa
couplings of second- and third-generarsion quarks. Using the
full Run 2 proton—proton dataset at ~ s = 13TeV, we per-
formed the rst dedicated search for Higgs boson production

in association with bottom quarks (bbH) in nal states con-
taining two leptons [1]. Although the predicted bbH produc-
tion rate is comparable to that of ttH production, the exper-
imental separation from backgrounds and from other Higgs
production mechanisms — particularly gluon—gluon fusion
— is signi cantly more challenging. No statistically signi -
cant excess is observed, and an upper limit on the bbH signal
strength is set at 95% con dence level. The result is further
interpreted in the k framework, providing direct constraints
on the Higgs couplings to bottom and top quarks through a
simultaneous tof kyand k;.

Complementing this study, we released the rst CMS
search for Higgs production in association with a charm
guark (cH), targeting the diphoton decay channel [2]. Despite
the small branching fraction of the H | gg decay, the excel-
lent mass resolution and clean experimental signature enable
a sensitive probe of charm-initiated production.

Using the full Run 2 dataset and advanced multivariate
techniques, upper limits on the cH signal strength are de-
rived at 95% con dence level. This analysis provides novel
constraints on the Higgs—charm Yukawa coupling, one of the
least experimentally tested parameters of the Standard Model
Higgs sector.

Beyond Higgs physics, we performed a detailed study
of intrinsic transverse momentum effects in Drell-Yan pro-
duction [3]. Low- pt dilepton events offer a clean window
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Fig. 2: The process of Higgs boson production in association with
charm quarks is a sensitive probe of the Higgs boson coupling to
second generation fermions [2].

into non-perturbative QCD dynamics. By analyzing dilepton
transverse momentum distributions over a broad range of in-
variant masses and center-of-mass energies, we demonstrate
that the energy scaling of the intrinsic ky parameter is inde-
pendent of the dilepton mass.

Based on CMS data reaching hard-scattering scales up to
1 TeV, we provide new tunes of intrinsic kr parameters in
PYTHIA and HERWIG, signi cantly improving the modeling
of soft QCD effects and strengthening the reliability of Monte
Carlo predictions for precision measurements.

We also measured event-shape observables in low-pileup
proton—proton collisions to probe the global properties of
hadronic nal states [4]. These measurements are sensi-
tive to multi-parton interactions, hadronization models, and
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possible collective phenomena in small systems. Detector-
corrected and unfolded particle-level distributions — pro-
vided together with their correlations — reveal that state-of-
the-art event generators, including those incorporating ad-
vanced color reconnection and rope hadronization models,
tend to underpredict the observed isotropy in the data. The
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results provide stringent constraints for further re nement of
soft-QCD modeling.

In heavy-ion physics, we investigated gluon dynamics in
ultraperipheral PbPb collisions through the study of incoher-
ent J/'y photoproduction [5]. Exploiting the intense electro-
magnetic elds generated by relativistic lead ions, photon-
induced interactions can be isolated in a clean environment.
The measured Bjorken-x dependence of the cross section pro-
vides new insight into the spatial and momentum structure

of gluon elds in nuclei and their evolution toward small  x.

These ndings contribute to a deeper understanding of high-
density gluon dynamics and provide important input for fu-
ture experimental programs.

Highlighted Publications:

1. Search for bottom quark associated production of the
standard model Higgs boson in nBI states with lep-
tons in proton-proton collisions at ~ s= 13TeV,
Phys. Lett. B 860 (2025) 139173 [HIG-23-003]

2. Search for a cH signal in the associated production
of at least one charm quark with a Higgs bosgn in
the diphoton decay channel in pp collisions at = s =
13TeV,

JHEP 11 (2025) 060 [HIG-23-010]

3. Energy-scaling behavior of intrinsic transverse-
momentum parameters in Drell-Yan simulation,
Phys. Rev. D 111 (2025) 072003 [GEN-22-001]

4. Measurement of event shapes in minimum-bias events
from proton-proton collisionsat = s= 13TeV,
Phys. Rev. D 112 (2025) 112006 [SMP-23-008]

5. Probing Gluon Fluctuations in Nuclei with the First
Energy-Dependent Measurement of Incoherent J/y
Photoproduction in Ultraperipheral PbPb Collisions,
Phys. Rev. Lett. 135 (2025) 112301 [HIN-23-009]

More publications at:  https://www.physik.uzh.ch/r/lcms
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Collider detector development

Prof. Lea Caminada, Prof. Florencia Canelli,

Prof. Ben Kilminster

The CMS detector includes a silicon pixel detector as the
innermost part of the tracking system. The pixel detector
provides 3-dimensional space points in the region clos-
est to the interaction point that allow for high-precision
tracking of charged particles and vertex reconstruction.
This enables the measurement and search for particles
that decay to b quarks and tau leptons, such as the Higgs
boson, the top quark, and leptoquarks. Our groups are
major contributors to the CMS pixel detector project. We
helped build and operate the current pixel detector and
are involved in the design and prototyping of a new, im-
proved version with more tracking layers, less material,
and higher data rates to be installed in 2029 for high-
luminosity LHC (HL-LHC). Furthermore, we are devel-
oping and testing new pixel detector concepts for future
upgrades of CMS, future accelerators and other applica-
tions. :
https://lwww.physik.uzh.ch/r/cms
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The CMS pixel detector enables high-precision track and ver-
tex reconstruction. The pixel detector shows a good perfor-
mance during LHC Run 3 (2022-2026) and our groups con-
tribute signi cantly to its operation and monitoring.

CMS will collect more than 20 times the current data
set during the period of 2030 to 2041 (during HL-LHC).
The UZH group together with PSI, is building an inner
tracking detector for this period, that will extend the track-
ing coverage. This Tracker Extended Pixel detector (TEPX)
will consist of a large-area disk system with more than one
billion pixels. At UZH, we have contributed to the mod-
ule concept and we are developing the disk electronics,
components of the pixel detector readout chain as well as
lightweight mechanical structures and thin-walled cooling
tubes to build the disk structures with minimal material.
We set up a system test to characterize the performance
of the detector readout chain [1], the novel serial power-
ing scheme and the thermal behaviour of the modules [2].
UZH also serves as a testing center for module production. A


https://www.physik.uzh.ch/r/cms

Cleanroom in which TEPX detector module Q&C tests are carried
out.

new clean room has been equipped to qualify and calibrate
the detector modules at different operating temperatures.

We are also developing new sensors, called Low Gain
Avalanche Detectors (LGADs), which represent the optimal

technology to achieve 4D tracking, combining the ne seg-
mentation typical of silicon detectors with fast and enhanced
signals to reach around 30 ps of timing resolution for mini-
mum ionizing particles. LGADs thus open the way for pre-
cise timing together with precise positioning. Our group is
characterizing different technologies within this family of sil-
icon devices to identify the more suitable ones to work in the
harsh environment of the pixel systems at LHC. For this pur-
pose, we have been probing the timing resolution and the hit
ef ciency of LGAD sensors before and after irradiating them
to reproduce the effect of high particle uxes.

1. Data transmission performance and characterization
of TEPX disks of the CMS Phase-2 Inner Tracker,
F. Bilandzija on behalf of the CMS tracker group,
JINST 20 (2025) C06014

2. CMS Phase-2 Inner Tracker system tests,
V. Lukashenko on behalf of the CMS tracker group,
JINST 20 (2025) C06020
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Arti cial Intelligence for Detector Design and

Fundamental Physics

Prof. Nicola Serra

Our group develops arti cial intelligence methods for
physics instrumentation and fundamental research. We
are members of the Mu3e, LHCb and SHiP collaborations
at CERN. In particular, we lead Al-driven detector opti-
misation for the SHiP experiment, which searches for fee-
bly interacting particles connected to dark matter, and we
apply these methods to future facilities such as FCC. Us-
ing reinforcement learning and simulation-based optimi-
sation, we design complex detector systems under real-
istic constraints and are strongly involved in interdisci-
plinary projects that transfer particle physics methodolo-
gies to other domains.

https://www.physik.uzh.ch/g/serra
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New approach to detector design with reinforcement learning

In the coming decades, new detectors at CERN will further
extend the research programme of particle physics. The pro-
posed SHiP experiment will use the intense CERN beam to
search for weakly interacting hidden particles. A central com-
ponent of SHIP is the muon shield, which must strongly sup-
press the large ux of muons produced in the target region
while preserving acceptance for potential signal particles. Its
design has a direct impact on the overall physics reach of the
experiment.

Designing large scale detector systems such as the SHiP
muon shield is a complex optimisation problem involving
many competing objectives. The geometry, segmentation and
magnetic con guration must be chosen to maximise shield-
ing performance, while respecting constraints on space, mate-
rial, cost and integration with the surrounding infrastructure.



Three example muon shield designs for the SHiP experiment ob-
tained through automated optimisation. The concepts di er in ge-
ometry and magnetic layout but are evaluated according to a com-
mon performance metric based on muon suppression and engineer-
ing constraints.

The number of possible con gurations is vast, making ex-
haustive parameter scans impractical. Traditionally, such sys-
tems are developed through iterative manual studies, guided
by simulation and expert judgement. This process is time con-
suming and makes it dif cult to explore the full design space
in a systematic way.

We develop reinforcement learning methods to automate
and accelerate the optimisation of detector components. In

this approach, candidate geometries are evaluated in de-
tailed simulation and scored according to their shielding
performance and compliance with engineering constraints.
The learning algorithm explores different con gurations and
identi es high performing designs within a large and par-
tially discrete parameter space.

The gure shows three example muon shield concepts
generated and evaluated with machine learning under dif-
ferent conditions (such a space, performance and cost). Al-
though they differ signi cantly in geometry and magnetic
layout, all aim to achieve strong muon suppression within the
available volume. By systematically comparing such alterna-
tives, the method enables quantitative performance driven
design choices and provides new insight into viable con g-
urations beyond those obtained through traditional manual
optimisation.

Highlighted Publications:

¢ Physics Instrument Design with Reinforcement Learn-
ing, A. R. Qasim, P. Owen, N. Serra,
Mach.Learn.Sci.Tech.6 (2025) 3, 035033
https://doi.org/10.48550/arXiv.2412.10237
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Experiments for the FCC

Prof. Florencia Canelli, Prof. Ben Kilminster,

Prof. Lea Caminada

The Future Circular Collider (FCC) project aims to push
both the intensity and energy frontiers, seeking answers
to fundamental questions about the Universe. As the suc-
cessor to the LHC, it would serve the global particle
physics community well into the 21st century. Its rst
phase, FCC-ee, will collide e* e pairs in unprecedented
quantities at energies ranging from about 90 to 365 GeV.
UZH develops advanced tracking and timing detectors
and algorithms and explores novel detector technologies
to enhance the FCC-ee physics program.
https://www.physik.uzh.ch/r/fcc

The year 2025 marked a highly productive and strategically
important period for the experimental UZH FCC group. It be-

gan with the release of the ECFA Study report [1], which sys-
tematically compared various options for future Higgs, elec-
troweak, and top factories. Our group made several key con-
tributions to this effort. These included the development of
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a novel jet avor tagging algorithm [2], demonstrating—for
the rst time—the feasibility of strange-jet tagging at FCC-
ee; a detailed study of the strange-quark forward—backward
asymmetry; and an investigation of the time-dependent pre-
cision measurement of B! Fni m at FCC-ee [3]. Together,
these studies highlight the unique avor physics potential of
FCC-ee and reinforce its strength in precision physics.

Beyond physics analyses and reconstruction techniques,
the group continued to play a central role in developing the
FCC-ee vertex detector. We provided detailed detector sim-
ulations and performance evaluations [4], contributing es-
sential input to the optimization of vertexing capabilities for
heavy- avor and electroweak precision measurements.

All of the above work fed directly into the FCC Feasibil-
ity Study report, which summarizes the progress of the FCC
project [5]. Throughout 2025, the European particle physics
community engaged in extensive discussions regarding the
future direction of the eld and the choice of the next ag-



ship collider project following the (HL-)LHC. The commu-
nity organized via the European Particle Physics Strategy
Group ultimately recommended FCC-ee as CERN's next col-
lider. Should full implementation prove nancially unfeasi-
ble, a descoped version of FCC-ee is foreseen as a fallback
option, albeit with the risk of delayed start-up, extended op-
erational timelines, and reduced physics reach. The CERN
Council is expected to formally adopt the community's rec-
ommendations in 2026.

In September 2025, the experimental FCC group at UZH
expanded signi cantly. We welcomed SNSF Ambizione Fel-
low Armin llg, as well as the groups of Prof. Ben Kilmin-
ster and Prof. Lea Caminada. Kilminster is chair of the execu-
tive board and scienti ¢ board for CHEF (Swiss High Energy
Physics for the FCC), a national initiative funded by SERI
and university groups, which supports FCC R&D for detec-
tors, computing and Al, and theoretical physics. This growth
substantially strengthens UZH's experimental FCC activities
and broadens our expertise across detector development and
physics studies. These group's main research directions are:

» Further development and expansion of the FCC-ee
physics case, including full detector simulation and re-
construction for the proposed detector concepts.

» Sensor R&D for the FCC-ee vertex detector based on 65
nm technology, building on previous developments [6].

ing

* R&D on advanced timing layers for FCC-ee, including
LGAD and MAPS sensor technologies as well as dedi-
cated front-end chip development.

» Exploration of novel technologies—such as wireless
data transmission and quantum sensing—for potential
application in FCC-ee experiments.

Last year was de ning for the UZH FCC group, reinforc-
its leadership in FCC-ee physics and detector R&D and

paving the way for an expanded program in the future.

Highlighted Publications:

1.

ECFA Higgs, electroweak, and top factory study,
CERN Yellow Reports: Monographs Vol. 5 (2025)
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. Tagging more quark jet avours at FCC-ee at 91 GeV

with a transformer-based NN, EPJC 85, 165 (2025)

. Time-dependent precision measurement of

B! Fnim at FCC-ee,arXiv:2506.08089

. The vertexing challenge at FCC-ee,

2025 JINST 20 C06069

. FCC Feasibility Study Report, Volume 1 Physics,

Experiments, Detectors, EPJC 85, 1468 (2025)

. Performance studies of the CE-65v2 MAPS prototype

structure, 2025 JINST 20 C03033
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The ni !

Profs. Lea Caminada, Olaf Steinkamp

The mu3e experiment at PS| aims at probing the Standard
Model of particle physics by searching for the decay of
positively charged muons to two positrons and an elec-

tron. The observation of this decay would falsify one of

the central assumptions of the Standard Model and pro-
vide unequivocal proof of "new" physics.

In a rst phase of the experiment, the Mu3e collaboration
aims at exploiting an existing muon beam at PSI to im-
prove on the currently best upper limit by three orders of
magnitude. The sensitivity of the experiment relies on ef -

cient suppression of backgrounds, which necessitates pre-

cise measurements of the origins, momenta and production
times of the low-energy positrons and electrons.The exper-
iment pioneers a number of novel technologies, such as
a vertex detector utilizing ultra-thin HV-MAPS sensors. In

2025, rst data in the muon beam at PSI were collected dur-
ing a 3-week long commissioning campaign with a detec-
tor that incorporated components from all subsystems. Our
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e" e e" experiment

Left: Picture of the inner two layers of the vertex detector employed
in the 2025 commissioning campaign; right: measured hit rates in
the pixels of the second layer. White areas indicate sensors with
known problems.

group played an important role in the analysis of data col-
lected during this campaign, as well as in the development
of data quality monitoring tools for the vertex detector. A
longer data taking period with an improved and more fully
equipped detector is planned for 2026.



